Fetal alcohol spectrum disorders represent a wide range of symptoms associated with in utero alcohol exposure. Animal models of FASD have been useful in determining the specific neurological consequences of developmental alcohol exposure, but the mechanisms of those consequences are unclear. Long-lasting changes to the epigenome are proposed as a mechanism of alcohol-induced teratogenesis in the hippocampus. The current study utilized a three-trimester rodent model of FASD to examine changes to some of the enzymatic regulators of the epigenome in adolescence. Combined pre-and post-natal alcohol exposureresulted in a significant increase in DNA methyltransferase activity (DNMT), without affecting histone deacetylase activity (HDAC). Developmental alcohol exposure also caused a change in gene expression of regulators of the epigenome, in particular, DNMT1, DNMT3a, and methyl CpG binding protein 2 (MeCP2). The modifications of the activity and expression of epigenetic regulators in the hippocampus of rodents perinatally exposed to alcohol suggest that alcohol's impact on the epigenome and its regulators may be one of the underlying mechanisms of alcohol teratogenesis.
Introduction
Fetal alcohol spectrum disorders (FASD) is an umbrella term associated with the effects of in utero alcohol exposure, including fetal alcohol syndrome (FAS) at the more severe end of the spectrum, and alcohol-related neurodevelopmental disorders (ARND) at the less severe end (Riley et al., 2011; Sampson et al., 1997) . Brain damage as a result of in utero alcohol exposure has been studied extensively in both humans (see Riley et al., 2011, for review) and by using animal models (see Kelly et al., 2009 for a review) . Neuroimaging studies in humans with FASD have demonstrated reduced volumes in the cortex, cerebellum, and basal ganglia (Foltran et al., 2011) , along with altered functioning in a number Abbreviations: ARND, alcohol-related neurodevelopmental disorder; BAC, blood alcohol concentration; BDNF, brain-derived neurotrophic factor; CNS, central nervous system; CT, crossing threshold; DMR, differentially methylated region; DNMT, DNA methyltransferase; ET, ethanol-exposed group; FAS, fetal alcohol syndrome; FASD, fetal alcohol spectrum disorder; GD, gestational day; HAT, histone acetyltransferase; HDAC, histone deacetylase; IC, intubated control group; MeCP2, methyl CpG binding protein 2; MBDs, methyl binding domains; NC, non-treated control group; PD, postnatal day; PFC, prefrontal cortex.
* of tasks that require inhibitory control, spatial working memory, and verbal working memory (Coles and Li, 2011) .
In rodent models, the hippocampus has been shown to be particularly susceptible to alcohol-induced damage and the damage includes decreased cell number (Barnes and Walker, 1981; Bonthius and West, 1990, 1991; Miki et al., 2000; Tran and Kelly, 2003) , decreased dendritic spine density (Berman et al., 1996; Tarelo-Acuna et al., 2000; West, 1990) , decreased neurogenesis (Hamilton et al., 2011; Klintsova et al., 2007) and changes in the electrophysiological properties of neurons (Hablitz, 1986; Swartzwelder et al., 1988; Tan et al., 1990) . Importantly, behavioral deficits are often seen in tasks which require the hippocampus (Berman and Hannigan, 2000) , indicating that the neurological changes noted above may have a functional impact. These findings suggest that the hippocampus may be very useful as a target brain region to understand the mechanism of alcohol-induced deficits in the developing brain.
Epigenetics refers to the process by which environmental events can impact gene expression. Epigenetic changes are a result of the actions of several enzymes that alter the way in which DNA and its associated proteins interact. DNA is wrapped around histone proteins, and this structure is referred to as chromatin. Chromatin structure can be dynamically regulated through protein-protein interactions (Tsankova et al., 2007) . There are three main categories of epigenetic modifications: DNA methylation, chromatin modifications, and non-coding RNA expression (Hu et al., 2012) .
DNA methylation is the process by which methyl groups are added to CpG islands on DNA, reducing gene expression by
